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Figures 

Figure 1 - Nucleotide and protein sequence of Aspergillus ochraceus 11 

alpha hydroxylase 

tggaagtttt tacacttatt atgccggagc cgaaagattc tgagtcgagg ggttggggaa 60 
caacactata agacctacaa ccacttggat ttggtgaatt tacacgggca ttatcaaaac 120 
agccacaagc tgacagctca ttatc atg ccc ttc ttc act ggg ctt ctg gcg 172 

Met Pro Phe Phe Thr Gly Leu Leu Ala 
1 5 

att tac cat agt etc ata etc gac aac cca gtc caa acc ctg age ace 220 
lie Tyr His Ser Leu lie Leu Asp Asn Pro Val Gin Thr Leu Ser Thr 
10 15 20 25 



15 att gtc gta ttg gcg gca gcg tac tgg etc gca acg etc cag ccg age 268 
lie Val Val Leu Ala Ala Ala Tyr Trp Leu Ala Thr Leu Gin Pro Ser 
30 35 40 

gac ctt cct gag ctg aat ccc gee aaa cca ttc gag ttc acc aat cgt 316 
20 Asp Leu Pro Glu Leu Asn Pro Ala Lys Pro Phe Glu Phe Thr Asn Arg 
45 50 55 

cgt cgt gtt cat gag ttt gtt-gaa aat agt aag age ttg ctt get egg 364 
Arg Arg Val His Glu Phe Val Glu Asn Ser Lys Ser Leu Leu Ala Arg 
25 60 65 70 

ggg agg gaa ttg cac ggg cac gag ccg tac aga etc atg tct gaa tgg 412 
Gly Arg Glu Leu His Gly His Glu Pro Tyr Arg Leu Met Ser Glu Trp 
75 80 85 



gga tec ttg att gtc ctg ccc cca gag tge gee gac 'gag ctg cgc aac 460 
Gly Ser Leu He Val Leu Pro Pro Glu Cys Ala Asp Glu Leu Arg Asn 
90 95 100 105 



35 gac cca aga atg gac ttt gag acg ccc acc acc gac gac tec cac gga 508 

Asp Pro Arg Met Asp Phe Glu Thr Pro Thr Thr Asp Asp Ser His Gly 

110 115 120 

tat ate cct ggc ttc gac get etc aac gca gac ccg aac ctg act aaa 556 

40 Tyr He Pro Gly Phe Asp Ala Leu Asn Ala Asp Pro Asn Leu Thr Lys 
125 130 135 

gtg gtc acc aag tac etc aca aaa gca ttg aac aag ctt act get ccg 604 

Val Val Thr Lys Tyr Leu Thr Lys Ala Leu Asn Lys Leu Thr Ala Pro 

45 140 145 150 

ate teg cat gaa gcg tec ate gee atg aaa gcg gtg ctg ggt gac gat 652 

He Ser His Glu Ala Ser He Ala Met Lys Ala Val Leu Gly Asp Asp 

155 160 165 



cca gat tgg cgt gag ate tac cca gee aga gac ttg etc cag etc gtc 700 
Pro Asp Trp Arg Glu He Tyr Pro Ala Arg Asp Leu Leu Gin Leu Val 
170 175 180 185 



55 gee egg atg teg aca aga gtg ttc ctt ggc gag gaa atg tgc aat aac 748 

Ala Arg Met Ser Thr Arg Val Phe Leu Gly Glu Glu Met Cys Asn Asn 

190 195 200 

cag gat tgg ate caa acc tea tea caa tac gcg gee ctt gec ttc ggt 796 

60 Gin Asp Trp He Gin Thr Ser Ser Gin Tyr Ala Ala Leu Ala Phe Gly 

205 210 215 

gtc ggt gac aag ctt aga ata tac ccg aga atg ate aga ccg ata gta 844 

Val Gly Asp Lys Leu Arg He Tyr Pro Arg Met He Arg Pro He Val 

65 220 225 230 

cat tgg ttc atg cca tec tgt tgg gag ctg cgc cga teg ctg cga cgc 892 

His Trp Phe Met Pro Ser Cys Trp Glu Leu Arg Arg Ser Leu Arg Arg 

235 240 245 



tgc cga cag att etc acg ccg tac att cac aaa cgc aag tec ctg aag 940 
Cys Arg Gin He Leu Thr Pro Tyr He His Lys Arg Lys Ser Leu Lys 
250 255 260 265 
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65 



ggg acc acg gac gag cag ggc aag ccc ctt atg ttt gat gat tec ate 
Gly Thr Thr Asp Glu Gin Gly Lys Pro Leu Met Phe Asp Asp Ser lie 
270 275 280 



cgt ctt cca gac ggc ttc aag ccc cag cct etc aac ate ggg atg act 
Arg Leu Pro Asp Gly Phe Lys Pro Gin Pro Leu Asn lie Gly Met Thr 
475 480 485 

tat ctg gcg gat ccc aat acc agg atg ctg ate agg cca cgc aag gcg 
Tyr Leu Ala Asp Pro Asn Thr Arg Met Leu lie Arg Pro Arg Lys Ala 
490 495 500 505 

gag ate gat atg gcg agt tta act gtg tag gtcgaacacg aagtcctgat 
Glu He Asp Met Ala Ser Leu Thr Val * 
510 

gaagtgttat tggtcagtgg gtgaagcaag tegcagaaat gtgtaacaat ttataagaat 
aaaaaa 



988 



gag tgg ttc gag cga gag ctg ggt ccc aac cac gac gcg gtc ctg aag 1036 

Glu Trp Phe Glu Arg Glu Leu Gly Pro Asn His Asp Ala Val Leu Lys 
285 290 295 

cag gtc acg etc tec ata gtt get ate cac acc acg agt gac eta etc 1084 

Gin Val Thr Leu Ser He Val Ala He His Thr Thr Ser Asp Leu Leu 
300 305 310 

ttg cag gee atg age gat etc gcg cag aac ccg aaa gtg eta caa gca 113 2 

Leu Gin Ala Met Ser Asp Leu Ala Gin Asn Pro Lys Val Leu Gin Ala 
315 320 325 

gtg cgc gag gag gtg gtc cga gtg ctg age acc gag ggg etc age aag 1180 

Val Arg Glu Glu Val Val Arg Val Leu Ser Thr Glu Gly Leu Ser Lys 

330 335 340 345 

gtc teg ctt cac agt etc aag etc atg gac age gcg ttg aag gaa age 1228 

Val Ser Leu His Ser Leu Lys Leu Met Asp Ser Ala Leu Lys Glu Ser 

350 355 360 

cag cgt etc agg cct acg ctt etc ggc tec ttt cgt egg cag gca acg 1276 

Gin Arg Leu Arg Pro Thr Leu Leu Gly Ser Phe Arg Arg Gin Ala Thr 
365 370 375 

aat gac ate aag ctg aag age ggg ttt gtc ata aag aaa ggg act aga 13 2 4 

Asn Asp He Lys Leu Lys Ser Gly Phe Val He Lys Lys Gly Thr Arg 
380 385 390 

gtc gtg ate gac age acc cat atg tgg aat ccc gag tat tac act gac 1372 

Val Val He Asp Ser Thr His Met Trp Asn Pro Glu Tyr Tyr Thr Asp 
395 400 405 

cct etc cag tac gac ggg tac cgc tac ttc aac aag egg cag aca ccc 1420 

Pro Leu Gin Tyr Asp Gly Tyr Arg Tyr Phe Asn Lys Arg Gin Thr Pro 

410 415 420 425 

ggc gag gac aag aac gcg ttg etc gtc age aca age gee aac cac atg 1468 

Gly Glu Asp Lys Asn Ala Leu Leu Val Ser Thr Ser Ala Asn His Met 

430 435 440 

gga ttc ggt cac ggc gtt cac gee tgt cct ggc aga ttc ttc gec tec 1516 

Gly Phe Gly His Gly Val His Ala Cys Pro Gly Arg Phe Phe Ala Ser 
445 450 455 

aac gag ate aag att gee ttg tgt cat ate ate tta aat tat gag tgg 1564 

Asn Glu He Lys He Ala Leu Cys His He He Leu Asn Tyr Glu Trp 
460 465 470 



1612 



1660 



1710 



1770 
1776 
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Figure 2 - Nucleotide and protein sequence of human oxidoreductase 



atg gga gac tec cac gtg gac acc age tec acc gtg tec gag gcg gtg 48 
Met Gly Asp Ser His Val Asp Thr Ser Ser Thr Val Ser Glu Ala Val 
5 1 5 10 15 

gee gaa gaa gta tct ctt ttc age atg acg gac atg att ctg ttt teg 96 

Ala Glu Glu Val Ser Leu Phe Ser Met Thr Asp Met lie Leu Phe Ser 

20 25 30 

10 

etc ate gtg ggt etc eta acc tac tgg ttc etc ttc aga aag aaa aaa 144 

Leu lie Val Gly Leu Leu Thr Tyr Trp Phe Leu Phe Arg Lys Lys Lys 

35 40 45 

15 gaa gaa gtc ccc gag ttc acc aaa att cag aca ttg acc tec tct gtc 192 
Glu Glu Val Pro Glu Phe Thr Lys lie Gin Thr Leu Thr Ser Ser Val 
50 55 60 

aga gag age age ttt gtg gaa aag atg aag aaa acg ggg agg aac ate 240 
20 Arg Glu Ser Ser Phe Val Glu Lys Met Lys Lys Thr Gly Arg Asn lie 
65 70 75 80 

ate gtg ttc tac ggc tec cag acg ggg act gca gag gag ttt gee aac 288 
lie Val Phe Tyr Gly Ser Gin Thr Gly Thr Ala Glu Glu Phe Ala Asn 
25 85 90 95 

cgc ctg tec aag gac gee cac cgc tac ggg atg cga ggc atg tea gcg 336 

Arg Leu Ser Lys Asp Ala His Arg Tyr Gly Met Arg Gly Met Ser Ala 
100 105 110 

30 

gac cct gag gag tat gac ctg gee gac ctg age age ctg cca gag ate 3 84 

Asp Pro Glu Glu Tyr Asp Leu Ala Asp Leu Ser Ser Leu Pro Glu lie 
115 120 125 

35 gac aac gee ctg gtg gtt ttc tgc atg gee acc tac ggt gag gga gac 432 
Asp Asn Ala Leu Val Val Phe Cys Met Ala Thr Tyr Gly Glu Gly Asp 
130 135 140 

ccc acc gac aat gee cag gac ttc tac gac tgg ctg cag gag aca gac 480 
40 Pro Thr Asp Asn Ala Gin Asp Phe Tyr Asp Trp Leu Gin Glu Thr Asp 
145 150 155 160 

gtg gat etc tct ggg gtc aag ttc gcg gtg ttt ggt ctt ggg aac aag 528 
Val Asp Leu Ser Gly Val Lys Phe Ala Val Phe Gly Leu Gly Asn Lys 
45 165 170 175 

acc tac gag cac ttc aat gee atg ggc aag tac gtg gac aag egg ctg 576 
Thr Tyr Glu His Phe Asn Ala Met Gly Lys Tyr Val Asp Lys Arg Leu 
180 185 190 

50 

gag cag etc ggc gee cag cgc ate ttt gag ctg ggg ttg ggc gac gac 624 
Glu Gin Leu Gly Ala Gin Arg lie Phe Glu Leu Gly Leu Gly Asp Asp 
195 200 205 

55 gat ggg aac ttg gag gag gac ttc ate acc tgg cga gag cag ttc tgg 67 2 

Asp Gly Asn Leu Glu Glu Asp Phe lie Thr Trp Arg Glu Gin Phe Trp 
210 215 220 

ccg gec gtg tgt gaa cac ttt ggg . gtg gaa gee act ggc gag gag tec 720 
60 Pro Ala Val Cys Glu His Phe Gly Val Glu Ala Thr Gly Glu Glu Ser 
225 230 235 240 

age att cgc cag tac gag ctt gtg gtc cac acc gac ata gat gcg gee 7 68 

Ser lie Arg Gin Tyr Glu Leu Val Val His Thr Asp lie Asp Ala Ala 
65 245 250 255 

aag gtg tac atg ggg gag atg ggc egg ctg aag age tac gag aac cag 816 
Lys Val Tyr Met Gly Glu Met Gly Arg Leu Lys Ser Tyr Glu Asn Gin 
260 265 270 

70 

aag ccc ccc ttt gat gee aag aat ccg ttc ctg get gca gtc acc acc 864 
Lys Pro Pro Phe Asp Ala Lys Asn Pro Phe Leu Ala Ala Val Thr Thr 
275 280 285 

75 aac egg aag ctg aac cag gga acc gag cgc cac etc atg cac ctg gaa 912 
Asn Arg Lys Leu Asn Gin Gly Thr Glu Arg His Leu Met His Leu Glu 
290 295 300 

ttg gac ate teg gac tec aaa ate agg tat gaa tct ggg gac cac gtg 960 
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ttg gac ate teg gac tec aaa ate agg tat gaa tct ggg gac cac gtg 

Leu Asp lie Ser Asp Ser Lys lie Arg Tyr Glu Ser Gly Asp His Val 

305 310 315 320 

get gtg tac cca gee aac gac tct get etc gtc aac cag ctg ggc aaa 

Ala Val Tyr Pro Ala Asn Asp Ser Ala Leu Val Asn Gin Leu Gly Lys 

325 330 335 

ate ctg ggt gee gac ctg gac gtc gtc atg tec ctg aac aac ctg gat 

lie Leu Gly Ala Asp Leu Asp Val Val Met Ser Leu Asn Asn Leu Asp 

340 345 350 

gag gag tec aac aag aag cac cca ttc ccg tgc cct acg tec tac cgc 

Glu Glu Ser Asn Lys Lys His Pro Phe Pro Cys Pro Thr Ser Tyr Arg 

355 360 365 

acg gec etc ace tac tac ctg gac ate acc aac ccg ccg cgt acc aac 

Thr Ala Leu Thr Tyr Tyr Leu Asp lie Thr Asn Pro Pro Arg Thr Asn 

370 375 380 

gtg ctg tac gag ctg gcg cag tac gee teg gag ccc teg gag cag gag 

Val Leu Tyr Glu Leu Ala Gin Tyr Ala Ser Glu Pro Ser Glu Gin Glu 

385 390 395 400 

ctg ctg cgc aag atg gec tec tec tec ggc gag ggc aag gag ctg tac 

Leu Leu Arg Lys Met Ala Ser Ser Ser Gly Glu Gly Lys Glu Leu Tyr 

405 410 415 

ctg age tgg gtg gtg gag gec egg agg cac ate ctg gee ate ctg cag 

Leu Ser Trp Val Val Glu Ala Arg Arg His lie Leu Ala lie Leu Gin 

420 425 430 

gac tgc ccg tec ctg egg ccc ccc ate gac cac ctg tgt gag ctg ctg 

Asp Cys Pro Ser Leu Arg Pro Pro lie Asp His Leu Cys Glu Leu Leu 

435 440 445 

ccg cgc ctg cag gee cgc tac tac tec ate gec tea tec tec aag gtc 

Pro Arg Leu Gin Ala Arg Tyr Tyr Ser lie Ala Ser Ser Ser Lys Val 

450 455 460 

cac ccc aac tct gtg cac ate tgt gcg gtg gtt gtg gag tac gag acc 

His Pro Asn Ser Val His lie Cys Ala Val Val Val Glu Tyr Glu Thr 

465 470 475 480 

aag gee ggc cgc ate aac aag ggc gtg gee acc aac tgg ctg egg gee 

Lys Ala Gly Arg lie Asn Lys Gly Val Ala Thr Asn Trp Leu Arg Ala 

485 490 495 

aag gag cct gec ggg gag aac ggc ggc cgt gcg ctg gtg ccc atg ttc 

Lys Glu Pro Ala Gly Glu Asn Gly Gly Arg Ala Leu Val Pro Met Phe 

500 505 510 

gtg cgc aag tec cag ttc cgc ctg ccc ttc aag gee acc acg cct gtc 

Val Arg Lys Ser Gin Phe Arg Leu Pro Phe Lys Ala Thr Thr Pro Val 

515 520 525 

ate atg gtg ggc ccc ggc acc ggg gtg gca ccc ttc ata ggc ttc ate 

He Met Val Gly Pro Gly Thr Gly Val Ala Pro Phe He Gly Phe He 

530 535 540 

cag gag egg gec tgg ctg cga cag cag ggc aag gag gtg ggg gag acg 

Gin Glu Arg Ala Trp Leu Arg Gin Gin Gly Lys Glu Val Gly Glu Thr 

545 550 555 560 

ctg ctg tac tac ggc tgc cgc cgc teg gat gag gac tac ctg tac egg 

Leu Leu Tyr Tyr Gly Cys Arg Arg Ser Asp Glu Asp Tyr Leu Tyr Arg 

565 570 575 

gag gag ctg gcg cag ttc cac agg gac ggt gcg etc acc cag etc aac 

Glu Glu Leu Ala Gin Phe His Arg Asp Gly Ala Leu Thr Gin Leu Asn 

580 585 590 

gtg gee ttc tec egg gag cag tec cac aag gtc tac gtc cag cac ctg 

val Ala Phe Ser Arg Glu Gin Ser His Lys Val Tyr val Gin His Leu 

595 600 605 



eta aag caa gac cga gag cac ctg tgg aag ttg ate gaa ggc ggt gee 
Leu Lys Gin Asp Arg Glu His Leu Trp Lys Leu He Glu Gly Gly Ala 
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610 615 620 

cac ate tac gtc tgt ggg gat gca egg aac atg gee agg gat gtg cag 1920 
His lie Tyr Val Cys Gly Asp Ala Arg Asn Met Ala Arg Asp Val Gin 

625 630 635 640 

aac ace ttc tac gac ate gtg get gag etc ggg gee atg gag cac gcg 1968 
Asn Thr Phe Tyr Asp lie Val Ala Glu Leu Gly Ala Met Glu His Ala 
645 650 655 



cag gcg gtg gac tac ate aag aaa ctg atg ace aag ggc cgc tac tec 2016 
Gin Ala Val Asp Tyr lie Lys Lys Leu Met Thr Lys Gly Arg Tyr Ser 
660 665 670 

ctg gac gtg tgg age 2031 
Leu Asp Val Trp Ser 
675 
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Figure 3 - Nucleotide and protein sequence of Aspergillus ochraceus 

oxidoreductase 



10 



15 



cttatttcgt ttaggaagag caccggcttc ggtgtccttc cttaccctct tattcttcct 60 
cttctgactc cctttttgtt attgatcgcc catctcggtg aacatttggg atatctttcc 120 
ctctccccct cccgccccga ccctccttat cttctcctcc cgtccagcat ttagctcgcc 180 
atcgaattcg caattccttc ctcgtgactc ttcatcgctg agcgtcctca tc atg gcg 238 

Met Ala 
1 

caa etc gat act etc gat ttg gtc gtc ctg gtg gcg etc ttg gtg ggt 286 
Gin Leu Asp Thr Leu Asp Leu Val Val Leu Val Ala Leu Leu Val Gly 
5 10 15 

age gtg gee tac ttc acc aag ggc acc tac tgg gee gtc gec aaa gac 3 34 

Ser Val Ala Tyr Phe Thr Lys Gly Thr Tyr Trp Ala Val Ala Lys Asp 
20 25 30 



cct tat gee teg get ggt ccg gcg atg aat gga ggc gee aag gee ggc 
20 Pro Tyr Ala Ser Ala Gly Pro Ala Met Asn Gly Gly Ala Lys Ala Gly 
35 40 45 50 



382 



25 



aag act cgc gac att gtt cag aaa atg gac gaa act ggc aaa aac tgt 
Lys Thr Arg Asp lie Val Gin Lys Met Asp Glu Thr Gly Lys Asn Cys 
55 60 65 



430 



30 



35 



gtg att ttc tac ggc teg caa acc ggt acc get gag gac tac gcg tec 478 
Val lie Phe Tyr Gly Ser Gin Thr Gly Thr Ala Glu Asp Tyr Ala Ser 
70 75 80 

aga ctg gee aag gaa ggc tec cag cga ttc ggt etc aag acc atg gtg 526 
Arg Leu Ala Lys Glu Gly Ser Gin Arg Phe Gly Leu Lys Thr Met Val 
85 90 95 

gee gat ctg gag gac tac gac tac gaa aac ctg gaa aag ttc ccc gag 574 
Ala Asp Leu Glu Asp Tyr Asp Tyr Glu Asn Leu Glu Lys Phe Pro Glu 
100 105 110 



gac aag gtt gtt ttc ttc gtt ctg gee act tat ggc gag ggt gaa ccc 
40 Asp Lys Val Val Phe Phe Val Leu Ala Thr Tyr Gly Glu Gly Glu Pro 
115 120 125 130 



622 



45 



acg gat aat gcg gtt gaa ttc tac cag ttc gtc acg ggc gaa gat get 
Thr Asp Asn Ala Val Glu Phe Tyr Gin Phe Val Thr Gly Glu Asp Ala 
135 140 145 



670 



50 



55 



get ttc gag age ggc get acc gee gac gat aag cct ctg tct tct etc 718 
Ala Phe Glu Ser Gly Ala Thr Ala Asp Asp Lys Pro Leu Ser Ser Leu 
150 155 160 

aag tat gtc acg ttt ggt ctg ggt aac aac acc tat gag cac tac aac 7 66 

Lys Tyr Val Thr Phe Gly Leu Gly Asn Asn Thr Tyr Glu His Tyr Asn 
165 170 175 

get atg gtt cgc aat gtg gac gee get etc aca aag ttc ggc gee caa 814 
Ala Met Val Arg Asn Val Asp Ala Ala Leu Thr Lys Phe Gly Ala Gin 
180 185 190 



cgc att ggc tct get ggt gag ggt gac gac ggc get ggt aca atg gaa 
60 Arg lie Gly Ser Ala Gly Glu Gly Asp Asp Gly Ala Gly Thr Met Glu 
195 200 205 210 



862 



65 



gag gat ttc ctg gee tgg aag gaa ccc atg tgg get gee ctt tct gag 
Glu Asp Phe Leu Ala Trp Lys Glu Pro Met Trp Ala Ala Leu Ser Glu 
215 220 225 



910 



70 



75 



gcg atg aac ctg caa gag cgc gat gcg gtc tac gag ccg gtc ttc aat 958 
Ala Met Asn Leu Gin Glu Arg Asp Ala Val Tyr Glu Pro Val Phe Asn 
230 235 240 

gtc acc gag gac gag tec ctg age ccc gaa gat gag aac gtt tac etc 1006 
Val Thr Glu Asp Glu Ser Leu Ser Pro Glu Asp Glu Asn Val Tyr Leu 
245 250 255 

ggt gag ccc act caa ggt cat etc caa ggc gag ccc aag ggc ccg tac 1054 
Gly Glu Pro Thr Gin Gly His Leu Gin Gly Glu Pro Lys Gly Pro Tyr 
260 265 270 
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tct gcg cac aac ccg ttc ate get ccc ate tec gaa tct cgt gaa ctg 
Ser Ala His Asn Pro Phe lie Ala Pro lie Ser Glu Ser Arg Glu Leu 
275 280 285 290 



1102 



10 



ttc aac gtc aag gac cgc aac tgt ctg cac atg gaa ate age ate gee 1150 
Phe Asn Val Lys Asp Arg Asn Cys Leu His Met Glu lie Ser He Ala 
295 300 305 

ggt age aac etc act tac cag act ggt gac cac ate get gtt tgg ccc 1198 
Gly Ser Asn Leu Thr Tyr Gin Thr Gly Asp His He Ala Val Trp Pro 
310 315 320 



ace aac gee ggt tec gag gtc gat egg ttc ctg cag get ttt ggt etc 
15 Thr Asn Ala Gly Ser Glu Val Asp Arg Phe Leu Gin Ala Phe Gly Leu 
325 330 335 



1246 



20 



gaa gga aag cgc cac tec gtc ate aac att aag ggt ate gat gtg acc 
Glu Gly Lys Arg His Ser Val He Asn He Lys Gly He Asp Val Thr 
340 345 350 



1294 



25 



30 



get aag gtt ccg att ccc act cct acg acc tat gac gee gca gtt cgc 1342 
Ala Lys Val Pro He Pro Thr Pro Thr Thr Tyr Asp Ala Ala Val Arg 
355 360 365 370 

tac tac ctg gaa gtc tgt gee ccc gtt tec cgt cag ttt gtc teg act 1390 
Tyr Tyr Leu Glu Val Cys Ala Pro Val Ser Arg Gin Phe Val Ser Thr 
375 380 385 

etc get gee ttt gee cct gat gaa gcg acc aag gcg gag ate gtt cgt 1438 
Leu Ala Ala Phe Ala Pro Asp Glu Ala Thr Lys Ala Glu He Val Arg 
390 395 400 



ttg ggt ggc gac aag gac tat ttc cat gag aag att acc aac cga tgc 1486 

35 Leu Gly Gly Asp Lys Asp Tyr Phe His Glu Lys He Thr Asn Arg Cys 

405 410 415 

ttc aac ate get cag get etc cag age ate acg tec aag cct ttc acc 1534 

Phe Asn He Ala Gin Ala Leu Gin Ser He Thr Ser Lys Pro Phe Thr 

40 - 420 425 . 430 



45 



50 



gee gtc ccg ttc tec ctg ctt ate gaa ggt ate acc aag ctt cag ccc 1582 

Ala Val Pro Phe Ser Leu Leu He Glu Gly He Thr Lys Leu Gin Pro 

435 440 445 450 

cgt tac tac teg ate tec teg tct tec ctg gtt cag aag gac aag att 1630 

Arg Tyr Tyr Ser He Ser Ser Ser Ser Leu Val Gin Lys Asp Lys He 

455 460 . 465 

age att acc gee gtt gtg gag teg gtt cgc ttg cct ggt gag gaa cac 1678 

Ser He Thr Ala Val Val Glu Ser ' Val Arg Leu Pro Gly Glu Glu His 

470 475 480 



att gtc aag ggt gtg acc acg aac tat ctt etc gcg etc aag gaa aag 
55 lie Val Lys Gly Val Thr Thr Asn Tyr Leu Leu Ala Leu Lys Glu Lys 
485 490 495 



1726 



60 



caa aac ggc gag cct tec cct gac ccg cac ggc ttg act tac tct ate 
Gin Asn Gly Glu Pro Ser Pro Asp Pro His Gly Leu Thr Tyr Ser He 
500 505 510 



1774 



65 



70 



75 



act gga ccc cgt aac aag tac gat ggc ate cat gtc ccc gtt cac gtc 1822 
Thr Gly Pro Arg Asn Lys Tyr Asp Gly He His Val Pro Val His Val 
515 520 525 530 

cgc cac teg aac ttc aaa ttg ccc teg gat ccc teg cga cct gtg ate 1870 
Arg His Ser Asn Phe Lys Leu Pro Ser Asp Pro Ser Arg Pro Val He 
535 540 545 

atg gtt gga ccc ggt act ggt gtt get cct ttc cgt ggg ttt ate cag 1918 
Met Val Gly Pro Gly Thr Gly Val Ala Pro Phe Arg Gly Phe He Gin 
550 555 560 

gag cgt get gee ttg gee gcg aag ggc gag aag gtc gga act acc ttg 1966 
Glu Arg Ala Ala Leu Ala Ala Lys Gly Glu Lys Val Gly Thr Thr Leu 
565 570 575 



80 



ctt ttc ttc ggc tgc cgt aag tec gac gaa gat ttc ttg tac aag gat 
Leu Phe Phe Gly Cys Arg Lys Ser Asp Glu Asp Phe Leu Tyr Lys Asp 
580 585 590 



2014 



gaa tgg aag act ttt cag gag cag ctt ggc gac teg etc aag ate ate 



2062 
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Figure 3, continued 

Glu Trp Lys Thr Phe Gin Glu Gin Leu Gly Asp Ser Leu Lys lie lie 
595 600 605 610 

act gcc ttc tct cgt gaa teg get gag aaa gtc tac gtc cag cac agg 2110 
Thr Ala Phe Ser Arg Glu Ser Ala Glu Lys Val Tyr Val Gin His Arg 
615 620 625 

ctg cgt gag cat gcc gag ctg gtc agt gac ctg ctg aag cag aaa gcc 2158 
Leu Arg Glu His Ala Glu Leu Val Ser Asp Leu Leu Lys Gin Lys Ala 
630 635 640 

act ttc tat gtt tgc ggt gac get gcc aac atg gcc cgt gaa gtc aac 2206 
Thr Phe Tyr Val Cys Gly Asp Ala Ala Asn Met Ala Arg Glu Val Asn 
645 650 655 

etc gtg ctt ggg caa ate att gcc aag cag cgc ggt etc cct gcc gag 2254 
Leu Val Leu Gly Gin He He Ala Lys Gin Arg Gly Leu Pro Ala Glu 
660 665 670 

aag ggc gag gag atg gtg aag cac atg cgc age age ggc age tac cag 23 02 

Lys Gly Glu Glu Met Val Lys His Met Arg Ser Ser Gly Ser Tyr Gin 
675 680 685 690 

gac gat gtc tgg tec taa aa 2322 
Asp Asp Val Trp Ser * 
695 
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10 



15 



20 



25 



Figure 4 - Amino acid homology alignment of A. ochraceus 11 alpha 
hydroxylase with the top 10 BLAST hits from GenBank 



CAA7 556 5 
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1 MANHSSSYYHEFYKDHSHTVLgLMSEKPVI LPSLI LGTCAVLLCIQWLK- - PQPLIM 

1 MERLDIKSlSDPSATPFSYLVTAFLLAVWgSLQGPRF-PKNIKH 

1 LLFCFI LSKTTKKgGQNSQYS -NHDELP 

! MVMELHNHTPFglYFITSILFIFFVFFKLVQRS — DSKTS-STCKLP 

1 MPFFTGLLAIYHgLILDNPVQTLSTIWLAAAY|-LATLQ--PSDLPE 

i msifnmitsyag|qllpfyiaifvftlvpwair|swlelrk-gsvvpl 

l — mtvdaltqphhllsi^wndtqqhgswfaplvttsagllclllSlcssgr- -RSDLPV 

1 

1 MSKSNSl^STSHETLFQQLVI^LDRMPLMDVHWLIWAFGAWLCSgviHVLSSSSTVKVP 

I 

1 MALLII^SLVISIFTFFIYIILARRERgKLREKIGLSGPEPH 



56 VNGRKFGELSWgAgRDjjTFGAp 
45 lnHkg P L E F S DT|| P*K EQVYG Sj 

JpqipilgnaIqlsggh 
rtlpligniSqivgslpw 

\KPFE FTNRgRVH EHVENSj 

Spd-slfgtgIt^rsSvkl, 

KTWWEL' 





pVXSPPi 



6 1 wgyrsvfeptwlij2lr§vweggsH1gqSynkfkdsi fqvrklgt: 
1 

4 3 WFLGNLKQTAER§ESLGSDDANgWFNELHEQYGETFGI Y-YGSQMNf3g£JSNEKDI 



k(5|fi 



30 



35 



40 



45 



50 



CAA75565 

CAB91316 

CAB56503 

AAB94588 

pMON4 5624 

CAA75566 

AAD34552 

CAA7 5567 

CAA76703 

CAA57874 

CAA91268 



CAA75565 

CAB91316 

CAB56503 

AAB94588 

PMON45624 

CAA7 5566 

AAD34552 

CAA75567 

CAA7 6703 

CAA57874 

CAA91268 



116 ne: 
10 5 dd: 
8 6 THi 
104 THC^I 

106 dpr||] 

107 DPRgS 



FKWFYAHLPHjEG- -FREGTNES] 
^RWT- - YKAF|GHLpSeG- -FGEASRESj 
lDRPSNLESF^I VS YDgjsDMWS PYG1 
jSDRP-DFVLSPlVSYNGSGIVFSQHGD 1 

jetpt — tddshgyi p^hda ln-adp) 

Jskaa — mqdnIagi psHet — valvgredq: 





EP||A 
SFRSIRE 
SFRSIRE 
APgs 

JIEPgS 

115 MKEjfCMYKFLG — TDfI-SHLpSHdG- ~FKEVTRDA^Lfll#^VMNOFO- -TOAPKYVKpff A 

1 MKYlg — CQ^NIFPSLWS 

121 LS QDKTRSVEPFINDFAgQYT- -RGMVFLQSDLON%BlOORflfl- - PK^SgTKViJjK 

! 

102 KNFSNQSDRS — VPSIYEANQLTASLLMNSYSSGV^gHTRSAIAPIF^-TGK^KAjljQET^N 



ALVgKE^YTDSP- -|fcl^TAKDANl: 
SMA1EANL PKAANG^STyNgRS''^ 

LNF|Iks|G SKEG-TRgN§SKE|IS 

AEl||kkSaATASEEGGS I FNgTOSgYSi 




.SI A 



LGDDP- -I 



|stla|slnfgett- 

\SGIgTE^FGDSN- 

17 MKTSFRWPRTS 

173 EgLDYAgTKEMPDMKN] 
1 




159 SKVDLFi|Dl|REKAS- -SGQKWD|jYDDFQG{lTLI^IGj|CAFilDSNCgRsgRNr^5FYHPVT 



55 CAA7 556 5 227 |lAFRAVEE 

CAB91316 218 SdGFGAAEDE 

CAB56503 202 AVAEPNIAD&FPSL-KF 

AAB9458 8 223 gLGGFSVADBYPSS- 

PMON4 5624 213 ALAFGVGDK 

60 CAA7 556 6 218 TNFYTASTN 

AAD34552 22 6 gTMAIQARQ 

CAA7 5567 7 0 gQCVSIRDQ 

CAA76703 232 ESLFITGFlQ 

CAA57874 1 _ 

65 CAA91268 217 jgKITINNFTYFHSSSPGTF] 




-AEA 
-AAN 
|PLS--QEN 
URS--SEE 
|SLg--GTT 
3 ED? — RAA 

\e3--dac 

gSQALQDE§QHRAD 

SQQ 

_ *E- ~[3QEs§ — GGN 
3Fj!QD[gAKFCSDYE 
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Figure 4, continued 
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|LLRHLP- EELRTPEQVG]_ 
LDAATG EE - KQ I Dj|l AQ] 



44 --LEDPPTMLDHLSNGRNEHIA DDVELQ 

277 RRRgGEGSDSVjgLiKLLLNREDDKS-KPMTKQ] 
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CAB91316 
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CAB56503 
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AAB94588 
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384 IAI. 

370 TGVA| 

361 PVPLLgP 

37 6 PVPLLi 
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CAB91316 

CAB56503 

AAB94588 
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CAA75566 

AAD34552 
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CAA57874 

CAA91268 



CAA75565 

CAB91316 

CAB56503 

AAB94588 

PMON45624 

CAA7 5 566 

AAD34552 

CAA7 5 567 

CAA76703 

CAA57 87 4 

CAA91268 




SeskaqlvHat: 
BenvaqlvBHa: 



-VDFKGNSFW 

iLNS S IDF RGjT" r 

3QTP- -gEDKNALL 1 
SSEA- -BHdHGAOL 1 

SEDP- -^afsaqlei 
SSIK--§QGSQHQi 
gSDS — NYAQKYLFS 

\P — S3EKRYMY 
3 E 





PV EGSSMEPRK' 

P EGSDPKIRTFgFSl 

jQS NTEKLNMKE-S: 

PNKMKNEELDMTE-S: 
p DGFKPQPLNlj 

pdtetkpdt: 

\v pdeplqyyrhsfs|||i _ 

e dgkpgpelmrvgtet§ldtka( 

P DGKGRPRNITIDSDglP: ~ 

P dglsrpkniefeIlaslnacana 

■F EGEADLI PDCN^I^PNDPV^i^|p|SN 



^rSk-ee|ai- 
yIgSq-peIel- 
pvnfs-ssspa- 





Ip 


K-AE 


Idmasltv 


ESVE 


Idleai — 


D-ED 


Irlpgsl- 


s — |rde 



CAA75565 


(SEQ 


ID 


NO: 


27) 


CAB91316 


(SEQ 


ID 


NO: 


28) 


CAB56503 


(SEQ 


ID 


NO: 


29) 


AAB94 588 


(SEQ 


ID 


NO: 


30) 


PMON45624 


(SEQ 


ID 


NO: 


02) 


CAA75566 


(SEQ 


ID 


NO: 


31) 


AAD34552 


(SEQ 


ID 


NO: 


32) 


CAA75567 


(SEQ 


ID 


NO: 


33) 


CAA76703 


(SEQ 


ID 


NO: 


34) 


CAA57874 


(SEQ 


ID 


NO: 


35) 


CAA91268 


(SEQ 


ID 


NO: 


36) 
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Figure 5 - Phylogenetic tree showing the relatedness of Aspergillus 
ochraceus 11 alpha hydroxylase to the top 10 BLAST hits from GenBank 
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Figure 6 - Percent homology of Aspergillus ochraceus 11 alpha hydroxylase 
to the top 10 BLAST hits from GenBank 



Accession Number 


Species 


% ID to 11a OH 


CAB91316 


Neurospora crass a 


40 


CAA76565 


Gibberella fujikuroi 


37 


CAA75566 


Gibberella fujikuroi 


37 


AAD34552 


a I JI/CI £i 1 1 t«o (C/ f C LtO J 


7Q 


CAA75567 


Gibberella fuiikuroi 


24 




Fusarium oxysporum 


^4 


CAA76703 


Gibberella fujikuroi 


23 


CAB56503 


Catharanthus roseus 


14 


AAB94588 


Glycine max 


14 


CAA91268 


Caenorhabditis elegans 


12 
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Figure 7 -Amino acid homology alignment of A. ochraceus and human 
oxidoreductase to NADPH cytochrome P4S0 reductases from A. niger, 

mouse 9 and S. cerevisiae 



PMON45605 

human 

mouse 

pMON45632 

niger 

yeast 



PMON4 5605 

human 

mouse 

pMON4 5632 

niger 

yeast 



PMON45605 

human 

mouse 

PMON4 5632 

niger 

yeast 



PMON45605 

human 

mouse 

pMON45632 

niger 

yeast 



PMON45605 

human 

mouse 

PMON4 5632 

niger 

yeast 
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3DPYA — SAGPAJ||GG 

jgTf§M p — l pap IIII ga 

jMSDDG Dljj 






IRQYEfflVV 
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IRQYEfflVV 



4Tfj J 
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!Y|PVFNfflTggESLS 

y«|P v fchtS|e S L S Pj 
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E p 

Eg 

Eg 

PTQGgLQ GEP 

PTQS|LQ GTP 

|PSAHYLPSHQLNRNADGlg 
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human 
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jLGlDKDYFHEKgTNRCFNIgQ — 

vw§§qg-lfp|^ghqpm§qhHq — 

LLSKDKDQFgv^TSKgFNIgD- - 




SLR 5 PI DHLCELLPP 

slrspidhlcellpr; 
slr 5pidhlcellpr 



rSKH-FTAVraFSLgig 
rSK@-FSAV@FSLBl@ 

3AKWDNV 
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5 


RYYSI 


2 


SSS 


LQ 




RYYSI 




SSS 


LQ 




RYYSI 


* 


SSS 


LQ 




RYYSI 


? 


SSS 


LQ 


1 


RYYSI 


8 


SSS 




RYYSI 


8 


SSS 



451 
451 
451 
448 
446 
436 



503 

503 

503 

505 PDPHG-gTYSI 
503 SRPSR-SDLLH 
495 AETNLPgHYD! ' 




^Htk 1 

^Eak ! 

SVRLP GEEl 

SVRLP— i _ _ 
,N|PNPELP-D§jpPG : 





PMON45605 


547 


human 


547 


mouse 


547 


PMON45632 


564 


niger 


562 


yeast 


555 




PMON45 605 

human 

mouse 

pMON45632 

niger 

yeast 




PMON45605 

human 

mouse 

pMON45632 

niger 

yeast 




PMON4 560 5 


(SEQ 


ID 


NO: 


03) 


human 


<SEQ 


ID 


NO: 


06) 


mouse 


(SEQ 


ID 


NO: 


39) 


PMON4 563 2 


( SEQ 


ID 


NO: 


05) 


niger 


{ SEQ 


ID 


NO: 


38) 


yeast 


(SEQ 


ID 


NO: 


37) 
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Figure 8- Amino acid homology alignment of A. ochraceus oxidoreductase 
to NADPH cytochrome P450 reductases from A. niger and S. cerevisiae 
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Figure 9 - Phylogenetic tree showing the relatedness of Aspergillus 
ochraceus and human oxidoreductase to reductases from A. niger, yeast, and 

mouse. 
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Figure 10 - Percent homology between Aspergillus ochraceus 
oxidoreductase to reductases from A. niger, yeast, and mouse and human. 
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°/n id to A och nxretfl 


CAA8I550 


A. niger 


84 


BAA02936 


S. cerevisiae 
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BAA04496 
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34 


AAB21814 


human 
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Figure 11 -Amino acid homology alignment of human oxidoreductase with 

the top 4 hits from SwissProt 



IGDSHVDTSjSjTVraEAVAEEVSLFSMTDM^LFSLIVGLLTYV/F^jFRKKKEEVPEF^KIQT 



PMON4 5605 1 

human 1 3 

rabbit 1 S^ ISHB GlgBSG iaiKi pfSEaAflgiaAl^ l JbMiU&d 

rat 1 

mouse 1 

pig 1 



GDSHVDTSSTVgEAVAEEVSLFSMTDMpjLFSLI VGLLTYWF^FRKKKEEVPEFSKIQT 



LFSLIVGLmTYWFfqFRKKKEEVPEFmKIQ 



EAVAEEVSLF^TDMVLFSLIVGMLTVfWFBFRKKKEEPJPEFKKIQTT 



TDpDVLFSLIVGMLTYV/FrijFHKKKEEpaPEFSKIQTT 



gV^jESSFVEKMKKTGRNI I VFYGSQTGTAEEFANRLSKDAHRYGMRGMSADPEEYDL| 


SVF^ESSFVEKMKKTGRNI: 


EVFYGSQTGTAEEFANRLSKDAHRYGMRGMSADPEEYDL 


SJVKESSFVEKMKKTGRNI » 


iVFYGSQTGTAEEFANRLSKDAHRYGMRGM^ADPEEYDL 


JVKESSFVEKMKKTGRNI I 


CVFYGSQTGTAEEFANRLSKDAHRYGMRGMSADPEEYDL 



^^BVKESSFVEKMKKTGRNIIVFYGSQ-TGTAEEFANRLSKDAHRYGMRGMSADPEEYDL 
TSSBVK|~jsSFVE^ 



PMON4 560 5 61 

human 61 

rabbit 61 

rat 61 

mouse 61 

pig 61 



ADLSSLPEIDNALWFCMATYGEGDPTDNAQDFYDWLQETDVDL^GVKFAVFGLGNKTYE 
^^L^^^^E^^^^^^^F^^A^^G^^^^^^^^^^F?S^^^^^^^^^G^^^A^^^^^^^^^ 

A^^^^^n4NA^^F^A^¥G l TCDpSNATjDroS 

ADLSSLPEIPj^LWFCMATYGEGDPTDNAQDFYDWLQ^ 



PMON4 5605 

human 

rabbit 

rat 

mouse 

pig 
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hfnamgkyvdjgrleqlgaqrifelglgdddgnleedfitwreqfwpavcehfgveatgee 
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human 
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S S I RQYELVUHTDtofiAKVYljG EMG RLKS YENQK P P F DAKN PF 



SSIRQYELWHgDHEffiAKVYTGEMGRLKSYENQKPPFDAKNPFLAAVTSNRKLNQGTERH 



PMON45605 300 WHWwwwawwiw^^ 

human 

rabbit 3 01 
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LMHLELDISDSKIRYESGDHVAVYPANDSALVMQ^GEILGADLDVjllMSLMNLDEESNKKH 
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rat 
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mouse 
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pig 
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? F P C PTjEg Y RTALTYYLDITNPP RTNV LYE LAQ YASEPSEQE 





^YRTALTYYLDITNPPRTNVLYELAQYASEPSEQEjjLRKI-lASSSGEGKELYLSW 


|PFPC PT 


$Y RTALTYY LDITNPP RTNVL YELAQ YA^ P^'EQ e£l R KMA S S S G EG K E L Y L S W 


laaawai 


$Y RTA LTYY LDITNPP RTNV LYE LAQ YA SEPSEQ DjiL||KMAS SSGEGKELY LS W 


|PFPC PT 


|i|yrtaltyylditnpprtmvlyelaqyasepseqe|£l^kmasssgegkelylsw 



10 



15 
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mouse 
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pig 
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tksgrpnkgvatswlrakepagenggralvpmfvrksqfrlpfkattpvimvgpgtgvap 



R VN KG V ATS W L R AK E PAG ENGG RA L V PM F VR KSQFRLPF Kfc|TT P V I MVG PG TGi&A P 



kepagengSralvpmfvrksqfrlpfkEttpvimvg PGTGVAP 
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PMON4 5605 
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human 


540 


rabbit 


541 


rat 


540 


mouse 


540 


pig 
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FIGFIQERAWLRffiQGKEVGETLLYYGCRRSDEDYLYREELAQFHRDGALTQLNVAFSREQ 



fHgfiqeravjlr 


3QGKEVGETLLYYGCRRSDEDYLYREELA 


gFHKDGALTQLNVAFSREC. 


F^GFIQERAWLR 


3QGKEVGETLLYYGCRRSDEDYLYREELA 


SJFHKDGALTQLNVAFSREQ 


IfigfioerawlBbogkevgetllyygcrrsdedylyreelaofh™galt"lI5vafsrecI 



^HK\T^QHlJ^KgD^EHL,WKLlHEGG AH T YVCGDARNMARDVQNTF YD IVAELG[folEHAQA 
j^HKVYVQHLLKgpjE^E^^W^^^^SGG^ 



AHKVYVQH LLKRD^EH LWKL I H EGG AHI YVCGDARNMAj 


Hdvqntfydivae 


F 


AH KVYVQH L LKRD^EH LWKL I HEGGAH I YVCG DA R NMAj 


^DVQNTFYDI VAE 
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human 
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pig 
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KKLMTKGRYS LDVWS 



v/DYfflKKLMTKGRYS LDVWS 



VDYVKKLMTKGRYS LDVWS 



VDYVKKLMTKGRYS LDVWS 



{ SEQ ID NO: 03) 

{ SEQ ID NO: 52) 

{ SEQ ID NO: 53) 

{ SEQ ID NO: 54) 

{ SEQ ID NO: 55) 

(SEQ ID NO: 56) 
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Figure 12 - Phylogenetie tree showing the relatedness of human 
oxidoreductase (PI 64 3 5) with top 4 hits from SwissProt 
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Figure 13 - Percent homology between human oxidoreductase and top 4 hits 

from SwissProt 
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Figure 14 - Expression of Aspergillus ochraceus 11 alpha hydroxylase in 

transfected Sf9 insect cells 
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Figure 15 - Expression of Aspergillus ochraceus P450 oxidoreductase in 

transfected Sf9 insect cells 

Expression of Fungal P-450 Oxidoreductase 
in Transfected Sf9 Cells 



201 
121 

70 
52.4 



00 m 
CM 



S03196-00-US 



25 of 25 



Replacement Sheet 



Figure 16 - Conversion of androstenedione to 11 alpha hydroxy 
androstenedione monitored by HPLC 



=> 
< 
E 



60 -i 
40- 



androstenedione 



20- 



60- 



1 1 a-hydroxyandrostenedione 



40- 



< 
E 



20- 



< 
E 



60- 
40- 
20- 

o- 



-i — i — i— 




—i — i — i — i — i — i — r- 



5 10 15 20 

HPLC Retention Time (min.) 



25 



